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(57) ABSTRACT 

The invention relates to an apparatus for displacing tissue 
Within the body, Wherein the apparatus includes tWo or more 
attachment members selectively displaceable With respect to 
each other via a driving member. The driving member 
preferably is rotatable and is caused to rotate by a magnetic 
actuator that can be activated by a magnetic ?eld from 
outside the body. 



Patent Application Publication Nov. 22, 2007 Sheet 1 0f 17 US 2007/0270803 Al 

N: 
7.. 

ma .mE 

£555; 5 



Patent Application Publication Nov. 22, 2007 Sheet 2 0f 17 US 2007/0270803 A1 

400 
— 42Gb / 

x—-—- , ( -—- —- -— 4200 

Fig. 3- G 



Patent Application Publication Nov. 22, 2007 Sheet 3 0f 17 US 2007/0270803 A1 

400 
4200 

400 

420b 

440 

4200 \ 440 



Patent Application Publication Nov. 22, 2007 Sheet 4 0f 17 US 2007/0270803 A1 





Patent Application Publication Nov. 22, 2007 Sheet 6 0f 17 US 2007/0270803 A1 

QB 

Nun 

own 

05 



Patent Application Publication Nov. 22, 2007 Sheet 7 0f 17 US 2007/0270803 A1 



Patent Application Publication Nov. 22, 2007 Sheet 8 0f 17 US 2007/0270803 A1 



Patent Application Publication Nov. 22, 2007 Sheet 9 0f 17 US 2007/0270803 A1 



Patent Application Publication Nov. 22, 2007 Sheet 10 0f 17 US 2007/0270803 A1 



Patent Application Publication Nov. 22, 2007 Sheet 11 0f 17 US 2007/0270803 A1 





3: NF: 

/ 
1 

US 2007/0270803 A1 

wNoP 

5 ON: 

Patent Application Publication Nov. 22, 2007 Sheet 13 0f 17 



Patent Application Publication Nov. 22, 2007 Sheet 14 0f 17 US 2007/0270803 A1 

NNNP 

ww Qu 

OMNP 

Noo_. 

NNNF 



Patent Application Publication Nov. 22, 2007 Sheet 15 0f 17 US 2007/0270803 A1 

\‘MIMHWM A! 
1074 1076 \ 

1050 
f 1072 

10650 1068 
“I 

1060 

1052 



Patent Application Publication Nov. 22, 2007 Sheet 16 0f 17 US 2007/0270803 A1 



Patent Application Publication Nov. 22, 2007 Sheet 17 0f 17 US 2007/0270803 A1 

/ 



US 2007/0270803 A1 

REMOTELY ADJUSTABLE TISSUE 
DISPLACEMENT DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 60/790,589 ?led onApr. 6, 2006, 
entitled “REMOTELY ADJUSTABLE EXPANDABLE 
DEVICE” and US. Provisional Application Ser. No. 60/866, 
739 ?led on Nov. 11, 2006, entitled “REMOTELY ADJUST 
ABLE BONE DISPLACEMENT DEVICE”, both of Which 
are hereby incorporated in their entirety by reference. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The invention generally relates to a device for 
displacing tissue Within a body, such as one or more bones 
of an animal. More speci?cally, the invention relates to 
implants Within a patient that can be remotely adjusted from 
outside the body to extend and/or contract. 

BACKGROUND OF THE INVENTION 

[0003] Expandable implants such as the system commer 
cially available by Synthes, Inc. under the trademark 
VEPTR® (Vertically Expandable Prosthetic Titanium Rib) 
system are used to displace bones Within a patient. For 
example, small children With heavy spinothoracic deformi 
ties often use such implants attached to the ribs, spine and/or 
pelvis. The implant is adjusted, usually at regular intervals 
such as every 6 months, through small skin incisions. 
HoWever, the adjustment often requires general anesthesia 
and hospital stay to recover from the adjustment procedure, 
and also introduces a risk of infection. 

SUMMARY OF THE INVENTION 

[0004] Generally speaking, a device for moving tissue, 
such as an implant for displacing bone is provided. The 
device can include tWo elongated members displaceable, 
preferably telescopically displaceable, With respect to each 
other to extend and contract relative to the length of the 
device. A drive member can rotate to extend and/or contract 
the device, and is preferably rotated by a magnetic actuator. 
The magnetic actuator is preferably rotatable by an external 
magnetic ?eld. More speci?cally, a magnetic ?eld outside 
the patient’s body can be utiliZed to extend and/or contract 
the implant Within the patient’s body. 

[0005] One embodiment of the device includes tWo elon 
gated members having a proximal end and a distal end, a 
drive member operably associated With and rotatable rela 
tive to one of the elongated members. A magnetic actuator 
assembly may be provided Which is associated With the 
drive member in such a Way that When the magnetic actuator 
is rotated, the drive member is also rotated, Which causes the 
tWo elongated members to move relative to each other. The 
magnetic actuator assembly is preferably rotatable by an 
external magnetic ?eld. 

[0006] Another embodiment of the device comprises tWo 
bone attachment members and a displacement mechanism 
con?gured for subcutaneous implantation in a position 
accessible by a magnetic ?eld transmitted through the skin. 
The device includes a driven member and a rotatable driving 
member coupled betWeen the bone attachment members, a 
lip coupled to the driving member, a magnet rotatable back 
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and forth in opposite directions, and a drive tooth coupled to 
the magnet to contact, tap or impact against the lip upon 
back and forth rotation of the magnet. 

[0007] An alternate embodiment of the device comprises 
a bone displacement apparatus having tWo bone attachment 
members, a driven member coupled to one of the bone 
attachment members, and a rotatable driving member 
coupled to the second bone attachment member. Preferably, 
the driving member and the driven member are associated 
via screW threads to move the driven member axially 
relative to the second bone attachment member. Therefore, 
upon rotation of the driving member in a displacement 
direction, the bone attachment members can be displaced. 
The device may also include a rotatable actuator and a clutch 
mechanism operative betWeen the actuator and the driving 
member, such that upon rotation of the actuator back and 
forth in opposite directions, the driving member is advanced 
in the displacement direction. Preferably, a rotatable magnet 
is provided, Wherein the rotation of the magnet results in the 
actuator rotating back and forth. 

[0008] In accordance With a preferred embodiment of the 
device, a changing magnetic ?eld of a magnetic rotor may 
be used to rotate the drive member, rather than direct actual 
magnetic force. For example, the drive member or actuator 
for rotating the drive member may oscillate and rely upon 
impact momentum for such a rotation. 

[0009] The device may comprise the features of construc 
tion, combination of elements, and arrangement of parts 
Which Will be exempli?ed in the construction hereinafter set 
forth, but the scope of the invention should not be limited to 
such features, combination of elements or arrangement of 
parts. 

[0010] The invention accordingly comprises the several 
elements and the relation of one or more of such elements 
With respect to each of the others, and the apparatus 
embodying features of construction, combination(s) of ele 
ments and arrangement of parts Which are adapted to effect 
such steps, all as exempli?ed in the folloWing detailed 
disclosure, and the scope of the invention Will be indicated 
in the claims. 

BRIEF DESCRIPTION OF THE INVENTION 

[0011] The device is explained in even greater detail in the 
folloWing exemplary draWings. The draWings are merely 
exemplary to illustrate the structure of preferred devices and 
certain features that may be used singularly or in combina 
tion With other features. The invention should not be limited 
to the embodiments shoWn. 

[0012] FIG. 1 is a front elevational vieW of an embodiment 
of a device; 

[0013] FIG. 2A is a front elevational vieW of an embodi 
ment of a drive assembly; 

[0014] FIG. 2B is a front elevational vieW of an embodi 
ment of a drive assembly; 

[0015] FIG. 3 is a perspective vieW of an embodiment of 
an activator and a device; 

[0016] FIG. 4A is a perspective vieW of an embodiment of 
an actuator; 
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[0017] FIG. 4B is an exploded perspective vieW of an 
embodiment of an actuator; 

[0018] FIG. 5A is a schematic vieW of an embodiment of 
an activator and a magnet; 

[0019] FIG. 5B is a schematic vieW of an embodiment of 
an activator and a magnet; 

[0020] FIG. 5C is a schematic vieW of an embodiment of 
an activator and a magnet; 

[0021] FIG. 5D is a schematic vieW of an embodiment of 
an activator and a magnet; 

[0022] FIG. 6A is a schematic vieW of an embodiment of 
an actuator and a driving member; 

[0023] FIG. 6B is a schematic vieW of an embodiment of 
an actuator and a driving member; 

[0024] FIG. 6C is a schematic vieW of an embodiment of 
an actuator and a driving member; 

[0025] FIG. 7 is a perspective vieW of an embodiment of 
an actuator and a driving member; 

[0026] FIG. 8 is s perspective vieW of an embodiment of 
a device; 

[0027] FIG. 9 is a perspective vieW of a section of an 
embodiment of a device; 

[0028] FIG. 10 is a side elevational vieW of an embodi 
ment of a clutch mechanism and an actuator; 

[0029] FIG. 11 is a perspective vieW of an embodiment of 
a clutch mechanism; 

[0030] FIG. 12A is a side elevational vieW of the clutch 
mechanism and the actuator of FIG. 10 in a ?rst position; 

[0031] FIG. 12B is a side elevational vieW of the clutch 
mechanism and the actuator of FIG. 10 in a second position; 

[0032] FIG. 12C is a side elevational vieW of the clutch 
mechanism and the actuator of FIG. 10 in a third position; 

[0033] FIG. 12D is a side elevational vieW of the clutch 
mechanism and the actuator of FIG. 10 in a fourth position; 

[0034] FIG. 12E is a side elevational vieW of the clutch 
mechanism and the actuator of FIG. 10 in a ?fth position; 

[0035] FIG. 12F is a side elevational vieW of the clutch 
mechanism and the actuator of FIG. 10 in a sixth position; 

[0036] FIG. 12G is a side elevational vieW of the clutch 
mechanism and the actuator of FIG. 10 in a seventh position; 

[0037] FIG. 12H is a side elevational vieW of the clutch 
mechanism and the actuator of FIG. 10 in a eighth position; 

[0038] FIG. 12I is a side elevational vieW of the clutch 
mechanism and the actuator of FIG. 10 in a ninth position; 

[0039] FIG. 13 is a side elevational vieW of an embodi 
ment of a clutch mechanism; 

[0040] FIG. 14 is a side elevational vieW of an embodi 
ment of an actuator; 

[0041] FIG. 15 is a side elevational vieW of an embodi 
ment of a clutch mechanism and an actuator; 

[0042] FIG. 16 is a front elevational vieW of an embodi 
ment of a device; 
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[0043] FIG. 17 is a perspective vieW of an embodiment of 
a device; 

[0044] FIG. 18 is a perspective vieW of a portion of an 
embodiment of a device; 

[0045] FIG. 19A is a top planar vieW of an embodiment of 
a device; 

[0046] FIG. 19B is a cross-sectional vieW of the device of 
FIG. 19A taken along lines 19B-19B; 

[0047] FIG. 19C is a top vieW of a section of the device of 
FIG. 19A; 

[0048] FIG. 20 is a cross-sectional vieW of a section of the 
device of FIG. 19A taken along lines 20-20. 

[0049] FIG. 21 is a front elevational vieW of an embodi 
ment of a device; 

[0050] FIG. 22 is a front elevational vieW of a section of 
the device of FIG. 21; 

[0051] FIG. 23 is a top planar vieW of an embodiment of 
a device; 

[0052] FIG. 24 is a top planar vieW of a section of the 
device of FIG. 24; 

[0053] FIG. 25A is a front elevational vieW of an embodi 
ment of a device; 

[0054] FIG. 25B is a cross-sectional vieW ofa section of 
the device of FIG. 25A taken along line 25B-25B; 

[0055] FIG. 26 is a perspective vieW of an embodiment of 
a device; 

[0056] FIG. 27 is a front elevational vieW of the device of 
FIG. 26; 

[0057] FIG. 28 is a perspective vieW of a section of the 
device of FIG. 26. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0058] Certain exemplary embodiments of the invention 
Will noW be described With reference to the draWings. In 
general, such embodiments relate to a device for displacing 
tissue Within the body of an animal, by Way of non-limiting 
example, a person With spinothoracic deformity. A child 
With spinothoracic deformity often requires an implant peri 
odically adjusted to expand the ribcage to permit organs to 
freely groW thereunder Without being croWded. Accordingly, 
it is desirable to provide a device in accordance With an 
embodiment of the invention Which provides remote adjust 
ment of such an implant. Remote adjustment refers to the 
ability to adjust the device Without having to undergo 
surgery or other invasive or non-invasive procedure. 

[0059] Reference is made generally to FIGS. 1-3 and 8-9, 
Wherein certain exemplary embodiments of a device for 
displacing tissue are shoWn. Device for displacing tissue 
100, 500 can be substantially straight, curved, or have 
another shape in accordance With design choice. In the 
embodiment shoWn, device 100, 500 may include a ?rst 
member 120, 520 having a rod 122, 522, Which is preferably 
relatively smooth, and a second member 140, 540 having a 
tubular member 142, 542. Rod 122, 522 and tubular member 
142, 542 are selectively displaceable With respect to each 
















